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METHOD FOR THE IDENTIFICATION AND SPECIATION OF 
BACTERIA OF THE BURKHOLDERIA CEPACIA COMPLEX 

Field of the Invention 

This application relates to a new method for the identification and speciation of 
bacteria of the Buridwldeha cepacia complex, and to vaccines developed specific for 
certain bacteria characterized using this method. 

Background of the Invention 

The Gram negative bacterium Burkholderia cepacia has recently been shown to 
consist of five different genomovars or new species, and as a collective the bacteria have 
been called the B. cepacia complex. Two of these genomovars have been given new 
species names: Burkholderia multivorans (formerly gcnomovar II) and Burkholderia 
vietnamiensis (formerly genomovar V). These bacteria cause problematic infections in 
patients with cystic fibrosis (CF) and chronic granulomatous disease as well as often 
causing infection outbreaks among vulnerable hospitalized patients. In cystic fibrosis, 
clinical outcome and epidemiology of infection may vary depending on the type of species 
patients are colonized with. It has become critical to obtain a rapid and reproducible 
means of identifying the different species of the B, cepacia complex since the current 
genomovar classification is technically difficult, laborious, carried out by only one 
- reference laboratory and not based on a single test. Vandamme et al., //;/ 7. 7. Systematic 
Bactehol. 1188-1200(1997), 

It is an object of the present invention to provide a rapid and reproducible method 
for identification and speciation of B. cepacia complex. 

It is a further object of the invention to provide suitable reagents and kits for use in 
the method of the invention. 

Using this test, or other established but more time consuming tests, the species of a . 
bacteria of the B. cepacia complex which is responsible; for a given infection may be > : 
determined. There remains, however, the challenge of provide effective, therapy if the 
strain is determined to, be an epidemic strain,'- It is therefore still a further object of the .\ . 
present inventiorV to provide an answer to this challenge by providing a vaccine which ' 



promotes a therapeutically 1 beneficial immune response to epidemic strains of the B. 
cepacia. 

Summary of The Invention 

In establishing a methodology for identification and speciation of a target group of 
microorganisms based on nucleotide sequences, it is necessary to identify a gene or genes 
within the target group which on the one hand contain conserved regions which are 
common to all microorganisms in the group such that non-specific amplification can be 
performed, and on the other hand contain regions which are dissimilar in ways that are 
diagnostic of the species. In accordance with the invention, it has been determined that 
these characteristics arc found in the recA gene of bacteria of the Burholdcha cepacia 
complex. Thus, in one aspect of the invention, identification and speciation of bacteria of 
the Burkholdcha cepacia complex in a sample can be accomplished by a method 
comprising the steps of 

(a) obtaining nucleotide sequence information for the recA gene in bacteria of 
the Burkholdcria cepacia complex found in the sample; and 

(b) comparing the nucleotide sequence information obtained for the recA gene 
in bacteria of the Burkholdcria cepacia complex found in the sample with a standard 
library of nucleotide sequence information comprising standard nucleotide sequence 
information for at least three species of bacteria of the Burkholdcha cepacia complex. 

Preferably, the nucleotide sequence information is obtained by evaluation of 
restriction fragment length polymorphism (RFLP). Other techniques for obtaining 
sequence information can also be used, including basc-by-base determination of the 
sequence of the region of interest, sequence-specific oligonucleotide hybridization probes, 
and ligation techniques. 

The invention also provides universal primers which can be used for amplification 
of all known members of the Burkholdcha cepacia complex, and genomovar-specific 
primers which can be used for selective amplification of the recA gene from bacteria of 
one genomovar. - 
o*. Speciation of bacterfa of the Burkholdeha cepactfl Cbniplex can have several . . 

important consequences. When an infection has-been identifiedas being caused by an 
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epidemic strain of the B. cepacia complex, it is appropriate to provide a vaccine which can 



be used in treating and preventing infection. Thus, the present invention also provides a 
vaccine composition which is useful in providing a therapeutically beneficial immune 
response in warm-blooded animals, particularly mammals (including humans) infected 
with epidemic strains of bacteria of the B. cepacia complex belonging to genomovar 111. 
The vaccine comprises a protein or peptide antigen, or an expressible polynucleotide 
encoding a protein or peptide antigen derived from the flagellin of such bacteria. When 
the vaccine composition is administered to a mammalian subject, a therapeutically 
beneficial immune response is stimulated, which assists in combating the B. cepacia 
infection. 



industrially useful bacterial species. For example, it is known that a number of strains of 
B. cepacia can be used in as biocontrol strains in agricultural applications. It has been 
found using the speciation method of the invention that these strains frequently fall into 
one of two classes based on recA RFLPpattem, one of which \i a class associated with 
epidemic strains and one of which is not. Thus, one can use the test methodology of the 
invention to select among biocontrol strains to reduce the likelihood of public health 
hazards. 

Brief Descrip tion of The Drawings 

Figs. 1 and 2 show phylogenetic trees for B. cepacia based on the recA sequence 
evaluation; and 

Fig. 3 shows the RFLP patterns obtained for representative strains o(B. cepacia 
complex. 

Detailed Description of The Invention 

DNA sequence variation, in conserved bacterial genes, such as those encoding the 
ribosomal RNA (rRNA) molecules, has been widely used as a method for classification 
and speciation of bacteria. Speciation of B. cepacia complex based on the. genes encoding 
the I6S rRNA gene has been examined, but there is insufficient DNA variation within the 
gene to' enable it to distinguish among all the genomovars of B. cepacia. In^accordance 



Speciation can also be used as a basis for selection and/or isolation of 
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with the present invention, it has now been determined that there is sufficient sequence 
variation for speciation of B. cepacia in the gene encoding the RecA protein (recA). Thus, 
the present invention provides a rapid molecular diagnostic test which speciates bacteria of 
the B. cepacia complex based on the detection of sequence variation within the gene 
encoding the RecA protein. 

The sequence of the recA gene has been evaluated in various bacterial species and 
suggested as a possible basis for phylogenetic classification. Karlin ei al., J. Bacterial. 
177: 6881-6893 (1995). One sequence of B. cepacia was considered by Karlin et al., but 
there was no discussion of speciation. A similar phylogenetic comparison was published 
by Eiscn, J. A. J. AJol. Evoi 41:1 105-1 123 (1995), but again no comparisons among 
members of the B. cepacia complex were made. 

The sequence oi'recA genes originating from two B. cepacia strains have been 
published. Nakazawa et al.. Gene 94: 83-88 (1990); van Waasbergcn. et al., Appi 
Microbiol. Biotech. 49: 59-65 (1998). However, beyond noting that the sequences arc 
"highly similar" but not identical, no particular utility was suggested as a result of the. 
differences. Surprisingly, however, even though recA sequences have been shown in other 
cases to provide results similar to 16S rRNA. sequence evaluation of the recA gene of 
sixteen strains representative of each genomovar showed that these sequences contain 
sufficient diversity for speciation of the B. cepacia complex, while the 16S rRNA does 
not. 

The published sequences for the recA gene in two strains sequences of bacteria of 
the B. cepacia complex CSeq. ID Nos. 1 and 2) were used to determine two primer 
sequences suitable for non-specific PCR amplification of the recA gene. This single pair 
of non-degenerate primers, which have the sequences: 
Forward Primer (BCR1 y 

TGACCGCCGAGAAGAGCAA SEQ ID No. 3 

Reverse Primer (BCR 2) . ' 

CTCTTCTTCGTCCATCGCCTC ' ' * . - v SEQ ID No. 4% 

"™ were subsequently used to amplify the recA gene frojri.addjj;joriaI strains, and were found 
to be effective's amplification primers for the 

B. cepacia complex, including LMCj l4l9l^mer^e st^ pyrrocinia. 




The amplified genes from these other strains were sequenced (Seq. ID Nos. 5-19), and (Tie 
sequences aligned with the two previously known recA gene sequences. While there are 
substantial similarities, no two strains were identical except the sequences for 70431 and 
ATCC 17616. The recA genes from additional strains were sequenced and have strain 
numbers and GenBank Accession numbers, respectively, as follows: HI-230S, AF 143777; 
C5424, AF143781; C1394, AF143783; ATCC 25416, AFI43786; C2S22, AF143792; 
LMG 10929, AF143793;LMG 14191 (&. pyrrocinia), AF143794; Ral-3, AF143795; 
M54, AF143796; M36, AF143797; ATCC 29424, AF143798; ATCC 53617, AF143799; 
ATCC 40709, AF143800; ATCC 39277, AF143S01 ; ATCC 53266, AF143S02. 

The primers BCR1 and BCR2 are located at the 5'-ends of the sense and anti-sense 
strands, such that substantially the entire gene is amplified. Persons skilled in the art will 
appreciate, however, that other primers could be developed based on the sequences 
provided, for example to amplify only a portion of the gene in which mutations of 
diagnostic significance are found. Such alternative primers would be targeted to 
conserved regions of the recA gene, and could be degenerate if necessary to obtain 
amplification of all species within the B. cepacia complex. 

Substantial blocks of nucleotide sequence which arc conserved among all of the 
recA sequences determined are clearly from the aligned sequences. These nucleotide 
sequence regions may be used to design alternative primers for alternative amplification of 
recA from all bacteria of the B. cepacia complex. For example, there is substantial 
nucleotide variation from position 100 to 600 in the recA gene. Thus, a universal primer 
pair which amplified only this region would permit development of smaller amplified 
fragments effective for speciation. This can be accomplished using the primers: 
Forward Primer (BCRU1 *) 

TGCGGATGGGCGACGGCG . SEQ ID No. 20 

Reverse Primer (BCRU2*) 

CAGTTCT GTCGCTTGATCG .. <r SEQ ID No. 2 1 

to produce a 485 base pair PCR product spanning^ region of considerable sequence - 
variation, or ;"" . .. - ^ . " ll 

Forward Pnmer (BCRU1) ^ ' -" ." '■ / ^.^■■^■l''^ • • 

^ y ? ATCATG(^ATGGGCGACG . ./ SEQ ID No 36 
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Reverse Primer (BCRU2) t ' - 

CAGTTCTGTCGCTTGATCG SEQ ID No. 37 

to produce a 488 base pair PCR product spanning a region of considerable sequence 
variation. 

The DKA sequence variation in the recA gene used to speciate the B. cepacia can 
be detected using restriction enzyme digestion, separation of the digested fragments 
followed by pattern matching of the resulting profile. Prior to the digestion the recA gene 
is amplified to increase the relative abundance of this gene as compared to other nucleic 
acid polymers in the sample. The preferred amplification technique is PCR amplification, 
but other known amplification techniques may be used as well. The restriction fragment 
patterns contain sufficient variation due to natural variation in the 16 recA sequences to 
enable the sequence lo speciate among all 5 genomovars of/?, cepacia. The enzymes 
liadll and Alul were found to be suitably discriminatory, with Haclll providing the 
highest degree of discrimination. Other enzymes which might be possess adequate 
discrimination can be determined either by experimental comparison of RFLP patterns, or 
by computer analysis of the sequences to identify restriction sites based on the known 
cleavage sites of a given enzyme. 

A phylogenetic tree based on the alignment of the novel sequences reported here 
and the two already published is shown in Figure 1 and demonstrates that the approach of 
the invention will clearly distinguish between all five of the current genomovars and also 
newly defined groups within the B. cepacia complex. This includes two sub-groups 
designated as RG-A and RG-B within genomovar III. The process of speciation of B. 
cepacia based upon RFLP using the recA gene scheme has been rigorously tested. It is 
highly discriminator}', reproducible and can be done using standard polymerase chain 
reaction techniques followed by agarose gel-electrophoresis. 

It will be appreciated by persons skilled in the art, however, that while RFLP is a 
highly suitable method for evaluating nucleic acid sequence variations when (as in this 
case) enzymes can be identified w'hich discriminate between the sequence variants, it is not 
the only method for making such a determination. Thus, nucleotide sequence information 
used hvthe method of the. invention can be obtained by any other technique, including ■ *- 
sequencing through at least the relevantfegiohs of the recA gene; and the use of sequence- 



specific hybridization probes or ligation techniques adapted to identify sequence 
variations. The 485 base pair fragment generated using primers BRCU1 and BRCU2 is 
particularly suited for direct sequencing, since its length is amenable to complete 
processing in conventional commercial sequencing apparatus. The primers BRCU1 and/or 
BRCU2 may also be used as sequencing primers. Comparison of this 485 bp fragment of 
the B. cepacia recA gene using phylogenetic tree software and alignment software is 
sufficient to separate the species clusters of the B. cepacia complex in the same fashion as 
comparison of the entire gene sequence. It is, however, a more rapid approach than 
determination of the entire gene sequence, since only one PCR product is involved which 
is of an optimal size for sequencing. Genomovar-speci fic RFLP of this fragment can also 
be performed to provide spec i at ion of B. cepacia complex, 

A further alternative for obtaining nucleotide sequence information indicative of 
the genomovar to which a sample bacterium of the B. cepacia complex belongs is through 
the use of PCR primers which arc gcnomovar-spccific. Such primers are selected such 
that at least one primer in the pair hybridizes to a region of the rccA gene which is not 
conserved, i.e., to a variable region, in such a manner that amplification only occurs if the 
sequence of the variable region is complementary to the primer. These specific PCR 
primers enable a single PCR test to be used for identification and direct detection of strains 
of each genomovar. 

The following are non-limiting examples of genomovar-specific primers. The 
specificity of these primers is such that other genomovars, other than the targeted 
genomovar, do not produce amplification products under stringent PCR conditions, 
(i) B. midtivorans specific rccA primers: 
Forward primer (BCRBM I ):■ 

S'-CGGCGTCAACGTGCCGGA.T^' * SEQ ID No. 22 

Reverse primer (BCRBM2): . ; , : . ■ , 

5' - T CCA TCG CCT CGG CTT CGT - 3'. ' ■ ' : : , . •. SEQ ID No.^23 

PC*R product expected from B. midtivorans strains = 714 bp. . " . : ; v \ .•■ .*> - * 

i) B/vietn am ie%sis sp ec i fi c recA primers: V V : 

Forward primer (BCRBV1): ' - 'i :. • 



, , j % - ; . . . r , - .,. ..... - . ■ 

5'- GGG CGA CGG CGA CGT GAA - 3' - - SEQ ID N». 24 

Reverse primer (BCRBV2): 

5' - TCG GCC TTC GGC ACC AGT - 3' SEQ ID No. 25 

PCR product expected from B. vietnamiensis strains = 378 bp. 

(iii) B* cepacia Genomovar IV specific recA primers: 
Forward primer (BCRG41): 

5' - ACC GGC GAG CAG GCG CTT - 3' SEQ ID No. 26 

Reverse primer (BCRG42): 

5* - ACG CCA TCG GGC ATG GCA - 3' SEQ ID No. 27 

PCR product expected from B. cepacia strains of genomovar IV = 647 bp. 

(iv) B. cepacia genomovar III, KG-B recA specific primers. 
Forward primer: 

5' - GCA AGT CAT CGC TGA GAA - 3' SEQ ID No. 28 

or 

Forward primer: 

5* - GCT GCA AGT CAT CGC TGA A - 3' SEQ ID No. 38 

Reverse primer): 

5' - TAC GCC ATC GGG CAT GCT - 3' SEQ ID No. 29 



PCR product expected from strains of this new genomovar classification = 7S1 bp. 

(v) B. cepacia genomovar I specific recA primers: 
Forward primer (BCRG 1 1 ): 

5* - CAG GTC GTC TCC ACG GGT- 3* SEQ ID No. 30 

Reverse primer (BCRG12): 

5* - CAC GCC GAT CTT CAT ACG A - 3' - - - ; SEQ ID No. 3 1 

PCR product expected from strains of genomovar 1 = 4§>2 bp. • . 

(vi) B. cepacia genomovar III, RG-A specific recA primers: 
Forward primer (BCRG3 1 ) *•-" 

;-5 # -"'GCT CGA CGT TCA ATA TGC C - 3' . . ! " SEQ ID No. 32 

Reverse primer (BCRG32): 
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5' - TCG AGA CGC ACC GAC GAG - 3* ' SEQ ID No/33 

PCR product expected from B. cepacia strains of genomovar m - 378 bp. 

Additional sequencing of the complete recA gene from B. cepacia complex strains 
M36, M54, Ral-3 and B. pyrrocinia LUG 14 19! T or partial sequence analysis of PCR 
amplicons derived from strains ATCC 29464, ATCC 53617, ATCC 39277, ATCC 49709 
and ATCC 53266 was performed. The phylogenies determined using partial sequencing 
of this type were identical to those determined using the full sequences (Fig. 2), however, 
two additional clusters, denominated as RG-C and RG-D were identified. Cluster RG-C 
was a novel group consisting of biocontrol strains Ral-3, ATCC 53266 and M54. 
Comparative alignment of the recA sequence from Ral-3 and M54 with all other complete 
B. cepacia sequences enabled the design of RG-C specific primers with the following 
sequences: 
Forward Primer: 

GTCGGGTAAAACCACGTG SEQ ID No. 39 



Reverse Primer: 

TCCGCAGCCGCACCTTCA SEQ ID No. 40 

B. cepacia biocontrol strains BC-B, BC-F and AMMD all tested positive with this RG-C 
primer set. Thus, these primers can be used in analytical schemes for the presence of such 
primers, and also could be used for screening isolates for biocontrol properties. 

A second novel recA group, RG-D, was identified which includes B. pyrrocinia 
LMG 141 9 l T and ATCC 32977, a strain of B. cepacia which produces the antibiotic 
xylocladin. This group is also shown in Fig. 2. ■ _ / ' 

In addition to a method for identification and specification of bacteria of the B. 
cepacia complex, the invention also provides reagents arid: kits suitable for carrying out 
this method. The reagents are generally polynucleotide '■pri'm<r?;^.'pro'bes;\yhjch bind to 
^the recA gene of one or more strains of bacteria dh^ subset of 

the reagents of the invention are non-specific primers, such* as used in Exampie 4 .below, 
which ar^ complementary to cpnservedTegioris found identically in strains of l?acteria of \ 
the B. cepacia complex* for which the sequences are given. A second subset of reagents in 
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accordance with the invention are primers/probes which can be used to selectively amplify 
and/or detect one genomovar of bacteria of the B. cepacia complex. The reagents of the 
invention may have a detectable or capturable label, for example a radioactive or 
fluorescent label or biotin, incorporated therein to facilitate evaluation of nucleotide 
sequence information. 

Either of these types of primers/probes may be packaged in a kit with suitable 
reagents. These reagents may include discriminatory' restriction enzymes, which are 
capable of producing distinctive fragment patterns to permit speciation of a bacteria- 
containing sample, or reagents suitable for PCR. nucleic acid sequencing and the like. 

Once the species of a sample bacterium of the IL cepacia complex is determined 
using the method of the invention, it may be desirable (particularly where the bacteria is a 
member of an epidemic strain i to be abic u> provide a therapeutic agent which is effective 
in treating or preventing infection. Thus, the present invention further provides a vaccine 
composition based upon the antigenic properties of the flagcllin of epidemic strains of B. 
cepacia complex for use in treating infections caused by certain species of the B. cepacia 
complex. 

The use of flagcllins as an antigen for vaccine purposes has been proposed in a 
variety of instances because of their location on the outside of bacterial cells. In the case 
of/?, cepacia complex, however. Hales et al.,7. Bacteriol. ISO: II 10- 1 1 18 ( 1998). have 
reported that the flagellin gene (fliC) is "highly variable" and suggest its utilization as a 
biomarkcr for epidemiological and phylogenetic studies of Burkholderia cepacia. Such 
variability is inconsistent with the normal requirements that a vaccine antigen be highly 
conserved, such that its will be generally effective against variants of the target species. 
Thus, it was quite surprising to find that the subset of B. cepacia complex which is most 
transmissible have highly conserved flagellin genes which is suitable for use as a vaccine. 

. A total of 30 strains.of bacteria of the B. cepacia complex were classified using the 
speciation method of the invention into groups based on the sequence of the recA gene, 
, and were in addition characterized with, respect to the BCBSM and cblA markers for 
h ighiy transmissible strains of B. cepacia: As reflected in Table T 17a substantial portion of 
■.ibf geriomova* . IIF strains which were positive for one or both of these markers prbdaeed a 



single RFLP pattern (Fig. 3, pattern G) after treatment with the restriction endonuciease* 

HacIIL 

Exemplary sequences and a consensus sequence for the B. cepacia flagellin gene, 
which encodes the major subunit protein of the bacterial flagellum of B. cepacia, have 
been described in the literature by Hales et al. (supra). Using the same primers described 
by Hales, it has been determined that the flagellin genes of B. cepacia strains of recA type 
III-G (genomovar III, with rccA RFLP pattern G) are highly conserved and do not vary 
considerably in DNA sequence. This indicates that the protein is also highly conserved in 
its structure and sequence, and thus is suitable for use as an antigen for development of 
vaccines against the most problematic strains in patients with cystic fibrosis (CF). 

In contrast, the fiageilin gene of B. multivorans strains of rccA type F (genomovar 
Hi, which appear less problematic in patients with CF and do not generally spread among 
patients, have flagellin genes which are highly variable in sequence. These data suggest 
that with B. multivorans strains, a vaccine based on the flagellum may not protect against 
infection with all strains types as has been the case with the bacterium Pscudomonas 
aeruginosa in CF. Thus, the observation, that the flagellin gene is actually highly 
conserved in the most devastating epidemic B. cepacia strains infecting patients with CF is 
apparently unique to this subset of the species of the B. cepacia complex. 

The observation that the flagellin gene is conserved among B. cepacia strains 
which are epidemic amongst patients with CF permits the development of a vaccine based 
on the encoded protein antigen. The vaccine can be prepared in a variety of ways. First, 
protein can be purified from bacterial strains representative of this group to obtain a 
purified antigen. Methods for purification of flagellin from bacteria are known in the art, 
and can be applied to recovery of purified flagellin from epidemic strains of 5. cepacia. 
Purified antigen is then used as a vaccine, with or without an adjuvant; - Vaccines of this 
type are generally administered by subcutaneous or intramuscular injection, although other 
routes of administration may also be suitable. Therapeutically effective levels and 
frequency of vaccine administration are determined by routine monitoring of antibody 
titers. ■ ..v.* 

In addition to the use of purified flagellin isolated directly from bacteria, it will be 
appreciated that the same protein, or an immunologically effective porti6fT thereof may 
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also be prepared using, for example, recombinant technology. Thus, for example, cDNA 
encoding flagellin or an immunologically effective portion thereof may be cloned into a 
host organism and expressed to produce flagellin antigen. Smaller antigenic peptides may 
also be made synthetically. As used herein, the term "derived from" refers to proteins or 
peptides which are either isolated directly from bacteria of the B. cepacia complex, or 
which have the same amino acid sequence but which are obtained synthetically or by 
expression in a host organism. 

Vaccine compositions in accordance with the invention comprise the flagellin or 
tlagellin-derivcd antigen, in a pharmaceutical!)' acceptable carrier, in general such carriers 
will be aqueous media, and may include buffers, emulsifiers, or adjuvants to enhance the 
immune response. Antigenic proteins or peptides may also be provided in association with 
lipid-camers, e.g., liposomes or other lipid particles, in the vaccine composition. 

The composition of the invention may also include other materials which are more 
indirectly derived from flagellin, and which provide immunoprotectivc therapeutic 
benefits. For example, human antibodies specific to B. cepacia flagellin or 
immunologically effective portion thereof are considered to be "derived- from M flagellin in 
accordance with the invention. Such antibodies may be administered to individuals with 
B. cepacia, genomovar III infections, to help combat the progression of infection. Such 
therapy is particularly suitable in end-stage B. cepacia infection when antibiotics and anti- 
inflammatory therapy have failed. 

Vaccination may also be carried out using DNA vaccincs of the type described 
generally in US Patent No. 5.5S0.859, which is incorporated herein by reference. DNA 
vaccines comprise a sequence encoding the desired protein or peptide antigen, optionally 
in combination with a regulatory element to control expression of the antigen. The DNA 
vaccine, which may be naked or incorporated in a carrier such as a liposome, is 
administered by subcutaneous or intramuscular injection. A "gene gun" may be used for 
administration. " . - . 




EXAMP L E 1 

Restriction fragment length polymorphisms (RFLP) of the 16S rRNA gene 
amplified from strains from the B. cepacia complex were determined. The amplified 
fragment of the 16S rRMA gene was digested with the enzyme Dde 1 and the resulting 
products separated by agarose gel electrophoresis. Species specific patterns where found 
for B. viemamiensis (genomovar V) and B. multivorans (genomovar II) strains, however 
sequence variation in the 16S rRNA gene was insufficient to distinguish among strains 
from genomovars I, III and IV, 

EXAMPLE 2 

The novel DNA sequences of 16 rccA genes, from 16 strains of the genomovar 
representative panel shown in Table 1 , have now been obtained by conventional DNA 
sequence analysis of portions of the recA gene amplified by PCR. DNA sequence 
analysis was performed in collaboration with Prof. Julian Davies at TerraGen Diversity .-. 
Inc., Vancouver, DC, using an ABI 377 Nucleotide Sequencer. The 1040 bp recA gene 
was split into two -520 bp PCR products to facilitate complete sequence analysis. The 
primer pairs used were as follows: 

(i) 5' - portion of the recA gene: 
Forward primer BCR 1 : 

5' - TGA CCG CCG AGA AGA GCA A- 3* SEQ ID No. 3 

Reverse primer BCR4: 

5' - GCG CAG GGC CTG CGA CAT - 3' SEQ ID No. 34 

These primers amplified a 527 bp product corresponding to the 5' half of the recA gene 
from all members of the B. cepacia complex tested.. Nucleotide sequence from both 
strands of the amplified products was determined by direct nucleotide sequence analysis 
using primers BCR 1 and BCR4 respectively. 

(ii) 3' -portion of the recA gene; * ' 
Forward primer BCR 3: '■• ■' ' : ''■ 

5* -GTC GCA GGC GGT GCG CAA-T 'C-^ \. ^ ^ t / ' . SEQ ID No. -35 - 

-Reverse primer BCR 4- ?; . "/ ■ . :„'^*'-''S/^<* T ' " ■' v " 

5* - CTC TTC TTCGTC CAT CGC CTC, - 3' . ' " V* SEQ ID No. 4. 
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These primers amplified a 529 bp product corresponding to the 3 ! half of the recA gene- 
from all members of the B. cepacia complex tested (see Table 1). Nucleotide sequence 
from both strands of the amplified products was determined by direct nucleotide sequence 
analysis using primers BCR2 and BCR3 respectively. 

Because the amplified products described above overlapped in the regions 
corresponding to primers BCR3 and BCR 4, the complete 1040 bp recA gene sequences 
were derived by joining of each half of nucleotide sequence data. The alignment of these 
sequences was carried out in collaboration with Dr. Yossef Av-Gay, Dept. of Medicine, 
Vancouver General Hospital, Vancouver, BC, using the software CLUSTAL which is 
available on the internet. The two published recA sequences, b-cepd90120_l and b- 
ccpu70431_l were aligned with 16 novel sequences obtained using the speciation 
scheme. Sequence b-eepk56-2 J is the recA gene of a II cepacia strain from the same 
cabJe-piius gene encoding lineage cited in PCT Patent Applications Nos. WO 97/01647 
and WO97/07237. Prom such a sequence alignment, the sequence variation in the recA 
gene detected by the Mac III RFLP analysis is clearly visible. These sequences can also 
be used for the design of genomovar-specific amplification/sequencing primers, and 
gcnomovar-spccific hybridization or ligation probes. 

EXAMPLE 3 

A B. cepacia complex phylogenetic tree based on the sequence alignment of the 
novel recA genes determined was formulated as shown in Fig. 1. The alteration of single 
bases in the nucleotide sequence of genes by natural mutation over time can be quantitatcd 
by computer programs to an evolutionary distant which separates strains and species. 
Phylogenetic analysis of the rec A sequences which I have determined clearly 
demonstrates that sequence variation in this gene can separate all Five genomovars of the 
B. cepacia complex, shown by the tree in the figure. Even more interesting is the novel 
finding of two distinct groups within the strains otherwise classified within genomovar Ilh 
Thus, rec A sequences derived .from strains CEP5 1 1 . CI 394 and PC 1 84; respectively.. ... 
' ' .,, ,/ ^ (Table 1 ) cluster as a separate group on a different branch of the tree ffom rec A sequences - 
derived form strains C6433, C4455m K56-2 and C5425. These^tw^group^ have been 
designated a RG-B and RG-A, respectively. The three strains of the RG-B are all 



epidemic amongst patients with CF (Mahenthiralingam et al. t J. Clin. Microbiol 34: 29T4- 
2920 (1996) and encode the BCESM (Mahenthiralingam et al„ J. Clin. Microbiol 35: 808- 
816(1 996). The separate classification of these three strains based on the recA suggest 
that they may constitute a new species/genomovar group within the B. cepacia complex. 

EXAMPLE 4 

To obtain nucleotide sequence information about the recA genes of additional 
strains of bacteria of the B. cepacia complex (Table 1), samples of each strain were 
amplified using the following primers: 
Fonvard Primer (BCR1) 

TGACCGCCGAGAAGAGCAA SEQ ID No. 3 

Reverse Primer (BCR 2) 

CTCTTCTTCGTCCATCGCCTC SEQ ID No. 4 

using a standard polymerase chain reaction mixture of 25 microlitres in volume (described 
in Mahenthiralingam et al., J. Clin. Microbiol. 35: 808-816 (1996)) containing 1.5 mM 
MgCU and 10-20 ng of B. cepacia DNA. Amplification was performed as follows: 30 
cycles of 1 min. at 94°C, I min. at 56°C , and 2 min. at 72°C, follow by a final 6 min. cycle 
at 72°C. This resulted in the amplification of a 1 kb DNA band corresponding to the recA 
gene of the B. cepacia strain being tested. 

Several restriction enzyme were screened for their ability to reveal DNA sequence 
variation in this amplified gene which would be suitable for speciation of B. cepacia. The 
enzymes Hae III and Alu I were found to be suitably discriminatory. The restriction 
fragments produced by the enzyme Hae III were separated by agarose gel-electrophoresis, 
and the detected restriction fragment. length polymorphisms (RFLPs) demonstrated that 
geriomovar specific RFLPs could be generated using this approach. Representative 
patterns are shown in Fig. 3. (Bv - B. vietnamiensis, ; or genqniovar-y; Gv I genomovar 
I; Bm = B. multivorans or genomovar II; Gv ITI^ genornqy 7 genomovar 

IV). This same approach has been applied to 2 panel' of. strains xyhich. are '7epx v e.§?ntative of 
all five genomovars of B. cepacia and beeiv found to b.e aWe to (iistinguish stratnsjpf each 
genomovar (Table 1). This technique has also been applied to; additional strains, arid been 



found to be reproducible and highly discriminatory for speciation of strains from theflr 
cepacia complex. 



EXAMPLE 5 

To obtain nucleotide sequence information about the recA genes of 30 
strains of bacteria of the B. cepacia complex (Table I), samples of each strain were 
amplified using the following primers: 
Forward Primer (BCRI, %G/C Tm =53.2°C) 

TGACCGCCGAGAAGAGCAA SEQ ID No. 3 

Reverse Primer (BCR 2, (%G/C Tm =56.3 °C) 

CTCfTTCTTCGTCCATCGCCTC SEQ ID No. 4 

using a standard polymerase chain reaction mixture of 25 microlitrcs in volume (described 
in Mahenthiralingam et al.,7. Clin. Microbiol. 35: 808-816 (1996)) containing 1.5 mM 
MgClj and 10-20 ng of B. cepacia DNA. Amplification was performed as follows: 30 
cycles of I min. at 94°C, 1 min. at 56°C , and 2 min. at 72°C, follow by a final 6 min. cycle 
at 72"C. This resulted in the amplification of a 1 kb DNA band corresponding to the recA 
gene of the B. cepacia strain being tested (Fig. 2A). 

Several restriction enzyme were screened for their ability to reveal DNA 
sequence variation in this amplified gene which would be suitable for speciation of B. 
cepacia. The enzymes Hae III and Alu I were found to be suitably discriminatory. The 
restriction fragments produced by the enzyme Hae 111 were separated by agarose gcl- 
electrophoresis (Fig. 2B) and the detected restriction fragment length polymorphisms 
(RFLPs) demonstrated that genomovar specific RFLPs could be generated using this 
approach (Bv = B. vietnamiensis\ or genomovar V; Gv I = genomovar I; Bm = B. 
mitltivorans or genomovar II; Gv III = genomovar III and Gv IV = genomovar IV). 

' EXAMPLE 6 

Bacterial strains identified in Example 5 as belonging to RPLP group G . 
were epidemic strains t5f genomovar III whichencode the BCESM DNA;- When the 
*" flageliin gene of these strains was amplified using tlie PCR primers as described in Hales 
et.al., a 1 kb product corresponding to the flageliin gene was obtained. Sequence variation 
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in amplified flagellin gene was again detected using the restriction enzyme Hae HI. The- 
RFLP of the flagellin genes was highly conserved demonstrating that both the gene and the 
encoded protein are very conserved in sequence. The conservation in sequence of the 
flagellin of these epidemic strains suggests that the flagellum is an ideal candidate upon 
which to develop a vaccine able to protect against B. cepacia infection with these 
problematic strain types. This novel observation on the conservation of the flagellin gene 
and protein of epidemic B. cepacia strain types is in contrast to the variation reported in 
Hales et al. and that which is observed for B. multivorans strains (genomovar II) which is 
described in Example 7. 



EXAMPLE 7 

Using the same scheme outlined in Example 6, the flagellin gene in B. 
multivorans (genomovar II) strains which colonized patients attending clinic in Vancouver 
was examined. These strains were of a single recA type, BM-F, demonstrating that they 
are a single species type, B. multivorans. When the flagellin gene of these strains was 
examined using PCR amplification followed by RFLP analysis with Mac III, the gene of 
each of the strains examined was highly variable. This suggest that the flagellum may not 
be as useful in protection against infection with these strain rypes. However, infection 
with these B. multivorans appears not to be as problematic as infection with the epidemic 
recA III-G/BCESM positive strains. 

EXAMPLE 8 

Thirteen isolates having useful biological properties were evaluated to 
determine the recA group to which the isolates belong. The results of these and other tests 
are summarized in Table 2. Two strains within the ATCC collection with interesting 
catabolic properties (ATCC 29424 and ATCC 5361 7) were classified as B. vietnamensis 
on the basis of both 16S rRNA ARDRA and recA analysis. Of the remaining 1 1 
commercially useful strains, all possessed ARDRA polymorphism? characteristic of B. 
cepacia genomovars I, III(RG-A and RG-B) and IV. Strain* ATCC 49709, ji seed- 
treatment biocontrol strain, was classified as genomovar I by recA RFL£and specific 
recA-PCIL Struts MJ6, BC-l and BC-2, biocontrol strains isolated from the rhizosphere 
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of maize crops, possessed rec^ RFLP types characteristics of genomovar III, group RG-B 
and all tested positive in RG-B specific PGR. The remaining seven strains all possessed 
novel recA RFLP types and were not reactive for any of the genomovar/ sub group specific 
PGR primers described above. 

Information of the type developed in this assay can potentially be used to 
assess the safety of strains of B, cepacia complex for commercial applications, including 
agricultural applications. Prior to this invention, no distinct criteria were established for 
division of pathogenic from non-pathogenic bacteria of die B. cepacia complex. However, 
the biologically useful strains tested were found to belong to several recA phylogenetic 
groups. Some strains cluster within the genomovar III, recA subgroup RG-B, which is the 
same subgroup to which a number of well-characterized pathogenic strains belong. This 
includes strain M3(>. which encodes the BCESM and which has been withdrawn from sale 
by the manufacturer. On the other hand, a number of the strains also belong to other 
subgroups which arc not associated with pathogenicity. Thus, recA analysis may provide 
a simple method for screening biocontrol strains and other potentially useful members of 
the B. cepacia complex to identify strains that arc less likely to raise health and public 
safety issues in their use. Furthermore, a number of the biocontrol strains were found to 
occupy a novel recA phylogenetic subgroup, RG-C. The RG-C specific PCR primers, or 
other tests based on the sequence analysis performed on clinical isolates indicate that RG- 
C strains are not encountered in human infections, and appear specifically adapted to the 
plant rhizospherc. they may prove to be the best template upon which to continue to 
development of safe biocontrol strains. 
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Provisional list of strains In the B. cepacia complex experimental panel 




ID 


Strain 


Gcnomovar: 


Source:' 


RAPD b 


BCESM: C 


MA: 


Gene RFLP 


16S 


INO, 


Name: 






type: 






type: 

„ . ^ A /ft Tff 

recA/Hae HI 


rRNA/ 
Ddel 


1 


PC259 


B. vietnamiensis 00 


CF 


8 


- 


- 


A . 


1 


2 


LMG 16232 


B. vietnamiensis (V) 


CF 


X 


- 


- 


A 


1 




A TOP 

A 1 CL 


B. vietnamiensis (V) 


ENV 


X 


* 


- 


C 


2 


4 


! Mfl 10Q7Q 


u, vieinumienSlS ( V) 


ClN V 


Y 
A 






B 


1 






B. vietnamiensis (V) 


PC 


v 

A 






B 


1 




FC044 1 


B. vietnamiensis (V) 


LAjU 


A 1 
O 1 






A 


I 


6 


ATCC 

Z-W 1 0 


1 


ENV 


39 


- 


- 


D 


2 


7 


PFPfHflQ 

\* LI UJU / 


i 
i 


d 


A 1 




+ 


n 


2a 


o 

j 


ATCC 
17759 


i 
i 


UN V 


v 

A 






E 


2a 


10 


C5393 


B. multivorans (II) 


CF 


3 






p 


-i 


1 i 


C3430 


B. multivorans (II) 


CF 


7 






p 




12 


C5274 


B. multivorans (II) 


CF 


12 






p 


3 


13 


C5568 


B. multivorans (II) 


CF 


19 






p 


3 


14 


249-2 


B. multivorans (II) 


LAB 


30 






F 


3 


15 


ATCC 
17616 


B. multivorans (II) 


ENV 


30 






F 


3 


16 


LMG 13010 


B. multivorans (II) 


CF 


X 






F 


3 


17 


JTC 


B. multivorans (II) 


CGD 


X 






F 


3 


18 


C1257 


III 


CF-e 


1 


+ 




G 


2 


19 


DC7 


III 


CF-e 


2 




+ 


G 


2 


20 


J2315 


III 


CF-e 


2 




+ 


G 


2 


21 


C5424 


III 


CF-e 


2 






G 
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22 


LMG 12615 


III 


CF-e 


2 


+ . 




G 


2 


23 


C6433 


III 


CF-c 


4 


+ 




G 


2 


24 


C4455 


III 


CF-e 


6 


+ 




... G- ■, 


2 


25 


C1394 


III 


CF-e 


13 


+ 




H 


2 


. ^6 


PC 184 


III 


CF-e 


17 


■ + ■ 




J 


2 


27 


CFP051I ■ 


III 


CF-e 


40 






I 


2 


28 


LMG 14291 


IV 


CF 


X 






J 


2 


29 


LMG 07000 


IV 


CLIN 


16 






J 


2 


30 


LMG 14294 


IV 


CF 


16 






J 


2 



Source of isolate; CF, cystic fibrdsis infection; CF-e, epidemic* amofrgst CF patients (31);.,^ 
ENV, environment; CGD, irffectiori-of a chronic granulomatous 'disease patient; LAB,.. ; : 
laboratory derived and CLIN, non : C| clinical infection\ ----- ' v ^ 

RAPD type derived from Mahenthiralingam et ai (30): X =unique strain RAPD fingerprint/ v j- 
unmatched in our collection. 

BCESM and MA hybridization data adapted from Mahenthiralingam. et ai (31).' 
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Claims 

1 . A method for identification and speciation of bacteria of the Burkholderia 
cepacia complex in a sample, comprising the steps of 

(a) obtaining nucleotide sequence information for the recA gene in 
bacteria of the Burkholderia cepacia complex found in the sample; and 

(b) comparing the nucleotide sequence information obtained for the 
rec A gene in bacteria of the Burkholderia cepacia complex found in die sample with a 
standard library of nucleotide sequence information comprising standard nucleotide' 
sequence information for at least three species of bacteria of the Burkholderia cepacia 
complex. 



2. The method of claim 1, wherein the nucleotide sequence information for 
bacteria of the Burkholderia cepacia complex in the sample and in the standard library are 
obtained by evaluation of restriction fragment length polymorphism. 

3. The method of claim 2, wherein the restriction fragment polymorphism is 
carried out using the restriction enzyme Haelll or Ahd, 

4. The method of any of claims 1 to 3", wherein the rec A gene in the bacteria 
of the Burkholderia cepacia complex in the sample is amplified relative to other nucleic 
acid polymers in the sample prior to obtaining the nucleotide sequence information. 

5. The method of claim 4 } wherein the recA gene is amplified using PCR 
amplification. 

6. The method of claim 5, wherein the; PCR amplification is carried out using 
the following primers: " ~ * 

. Forward Primer 

TG ACCGOCG AG AAG AGGAA " "~ ^ VSEQ ID No. 3 

Reverse Primer'*' " : 



" CTCTTCTTCGTCCATCGCCTC. 



SEQ ID*Jo.4 



7. The method of claim 5, wherein the PGR amplification is carried out using 
the following primers: 

Forward Primer 

TGCGGATGGGCGACGGCG SEQ ID No. 20 

Reverse Primer 

CAGTTCTGTCGCTTGATCG. SEQ ID No. 2 1 

• 

8. A composition comprising a pair of polynucleotide primers effective to 
amplify the recA gene of bacteria of the Burkholderia cepacia complex, wherein the 
primers are effective to amplify at least a diagnostic portion of each of the genes given by 
SEQIDNos. 1,2 and 5-19. 

9. The composition of claim 8, wherein the polynucleotide primers have the 
sequences: 

Forward Primer 

TGACCGCCGAGAAGAGCAA SEQ ID No. 3 

Reverse Primer 

CTCTTCTTCGTCCATCGCCTC. SEQ ID No. 4 

10. The composition of claim 8. wherein the polynucleotide primers have the 
sequence: 

Forward Primer. 

TGCGGATGGGCGACGGCG SEQ ID No. 20 

Reverse Primer 

CAGTTCTGTCGCTTGATCG. ' * SEQ ID No. 21 

11. A kit for speciation of bacteria of the Burkholderia cepacia complex, 
comprising, in packaged combination, a^rf^fpbiynucleotide primers in accordance with 
any of claims 8 - 10, and a discriminatory restriction, eridonuclease. 



WO 00/14274 




PCT/CA99/00813 



-23 - 

12. The kit of claim 1 1, wherein the restriction endonuclease is Haelll ov AluL 

13. A composition comprising a genomovar-specific primer pair effective 
under stringent PCR conditions to produce amplification products by amplification of at 
least a portion of the recA gene of bacteria belonging to one genomovar of the B. cepacia 
complex, but not to produce amplification products from bacteria belonging to other 
genomovars. 

14. The composition according to claim 13, wherein the genomovar-specific 
primer pairs are selected from among the following primer pairs given by Seq ID Nos. : 
22 and 23, 24 and 25, 26 and 27, 28 and 29, 30 and 31, or 32 and 33. 

15. A kit for speciation of bacteria of the Burkholderia cepacia complex, 
comprising, in packaged combination, a pair of genomovar-specific polynucleotide 
primers in accordance with claims 13 or 14 and a discriminatory restriction endonuclease. 

1 6. The kit of claim 15, wherein the restriction endonuclease is Haelll or AluL 

17. A vaccine composition for treatment or prevention of infection with 
bacteria of the Burkholderia cepacia complex, wherein the bacteria is a member of 
genomovar III and has a nucleotide sequence for the recA gene which produces a G-type 
RFLP pattern when analyzed with the restriction enzyme Haelll, and wherein the vaccine 
composition comprises flagellin or a flagellin-derived antigen or a polynucleotide 
encoding flagellin or a flagellin-derived antigen. 
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SEQUENCE LISTING 



<110> University of British Columbia 
Mahent hi r al i ngam , Eshwar 

<120> Method for the Identification and Speciation 
Bacteria of the Burkholderia Cepacia Complex 



<130> 80472-5 



<140> 
<141> 



<150> 60/099,115 
<151> 1998-09-03 

<150> 60/099,116 
<151> 1998-09-03 



<160> 40 



<170> Patentln Ver. 2.0 



<210> 1 
<211> 1044 
<212> DNA 

<213> Burkholderia cepacia 



<220> 

<223> recA gene 



<400> 1 

atgaccgccg agaagagcaa ggcgctggct 
ggcaaagggt cgatcatgcg catgggcgac 
tccacgggct cgctcgggct cgacatcgca 
gtggtcgaga tctacgggcc ggaatcgtcc 
gccgagctgc agaagctggg cggcaccgcg 
gtccagtacg cggcgaagct cggcgtcaac 
accggcgagc aggcgctcga aatcaccgac 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggcctgca ggcgcgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccacgacg 
gtgcgtctcg acatccgccg gatcggctcg 
gaaacgcgcg tgaaggtcgt caagaacaag 
gacatcctgt acggcgaggg catttcgcgt 
gcgaagatcg tcgacaaggc gggcgcctgg 
ggcaaggaca acgcgcgtga attcctgcgc 
aaccgcattc gtgaatcgct cggcgttgcc 
gccgaggcga tggacgaaga agag 

<210> 2 
<211> 1044 



gccgcactcg cgcagatcga gaagcagttc 60 
ggcgaggcgg ccgaggacat ccaggtcgtg 120 
ctgggcgtcg gcggcctgcc gcgcggccgc 180 
ggcaagacca cgctcacgct gcaggtcatt 24 0 
gcgttcatcg acgccgagca cgcgctcgac 3 00 
gtgccggatc tgctgatctc gcagccggac 360 
gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaggccg aaatcgaagg cgagatgggc 4 80 
atgtcgcagg cgctgcgcaa gctgacgggc 540 
ttcatcaacc agatccgcat gaagatcggc 600 
ggcggcaacg cgctgaagtt ctattcgtcg 660 
atcaagaaga acgacgaggt gatcggcaac 720 
gtgtcgccgc cgttccgcga agcgatcttc 780 
cagggcgaga tcattgatct cggcgtgcag 840 
tacagctaca acggcgagaa gatcggtcag 900 
gagaatccgg aaatcgcgcg cgagatcgag 960 
gccatgccgg atggcgcggg ccacgacgaa 102 0 

1044 
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<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 



<400> 2 

atgaccgccg 

ggcaaagggt 

tccacgggct 

gtggtcgaaa 

gccgagctgc 

gtccagtacg 

accggcgaac 

atcgtcatcg 

gattcgctgc 

acgatcaagc 

gtgatgttcg 

gtgcgtctcg 

gaaacgcgcg 

gacatcctgt 

gcgaagatcg 

ggcaaggaca 

aaccgcattc 

ccgaggcgat 



agaagagcaa 
cgatcatgcg 
cgctgggcct 
tctacggtcc 
agaagctggg 
cggcgaagct 
aggcgctcga 
actcggtcgc 
cgggcctgca 
gcacgaactg 
gcaacccgga 
acatccgccg 
tgaaggtcgt 
acggcgaggg 
tcgacaaggc 
acgcgcgtga 
gtgaatcgct 
gggacgaaga 



ggcgctggcg 
gatgggcgac 
cgatatcgcg 
ggaatcgtcc 
cggcacggca 
cggcgtgaac 
aatcaccgac 
ggcactggtg 
tgcgcgtctg 
cctcgtgatc 
aaccacgacg 
gatcggctcg 
caagaacaag 
catttcgcgt 
gggcgcctgg 
attcctgcgc 
cggcgttgcc 
agag 



gccgcactcg 
ggcgacgtga 
ctcggcgtcg 
ggcaagacca 
gccttcatcg 
gtgccggagc 
gcgctcgtgc 
ccgaaggccg 
atgtcgcagg 
ttcatcaacc 
ggcggcaacg 
atcaagaaga 
gtgtcgccgc 
cagggcgaga 
tacagctaca 
gagaatccgg 
gccatgccgg 



cgcagatcga 
aggaagacat 
gcggcctgcc 
cgctcacgct 
acgccgagca 
tgctgatctc 
gctcgggctc 
atatcgaagg 
cgctgcgcaa 
agatccgcat 
cgctgaagtt 
acgacgaggt 
cgttccgcga 
tcatcgatct 
acggcgagaa 
aaatcgcgcg 
atggcgcggg 



gaagcagttc 
ccaggtcgtc 
gcgcggccgg 
gcaggtgatc 
cgcgctcgac 
gcagccggac 
gatcgacatg 
cgagatgggc 
gctgacgggc 
gaagatcggc 
ctattcgtcg 
gatcggcaac 
agcgatcttc 
cggcgtgcag 
gatcggccag 
tgagatcgag 
ccacgacgaa 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1044 



<210> 3 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA forward primer (BCR1) 



<400> 3 

tgaccgccga gaagagcaa 



19 



<210> 4 
<211> 21 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA reverse primer (BCR2) 



<400> 4 

ctcttcttcg tccatcgcct c 



21 



<210> 5 
<211> 1044 
<212> DNA 

<213> Burkholderia multivorans 
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<220> 

<223> recA gene 



<400> 5 

atgaccgccg 

ggcaaagggt 

tccacgggct 

gtggtcgaga 

gccgagctgc 

gtccagtacg 

accggcgagc 

atcgtcatcg 

gattcgctgc 

acgatcaagc 

gtgatgttcg 

gtgcgtctcg 

gaaacgcgcg 

gacatcctgt 

gcgaagatcg 

ggcaaggaca 

aaccgcattc 

gccgaggcga 



agaagagcaa 
cgatcatgcg 
cgctcgggct 
tctacgggcc 
agaagctggg 
cggcgaagct 
aggcgctcga 
actcggtcgc 
cgggcctgca 
gcacgaactg 
gcaacccgga 
acatccgccg 
tgaaggtcgt 
acggcgaggg 
tcgacaaggc 
acgcgcgtga 
gtgaatcgct 
tggacgaaga 



ggcgctggct 
catgggcgac 
cgacatcgca 
ggaatcgtcc 
cggcactgcg 
cggcgtcaac 
aatcaccgac 
ggcgctcgtg 
ggcgcgcctg 
cctcgtgatc 
aaccacgacg 
gatcggctcg 
caagaacaag 
catttcgcgt 
gggcgcctgg 
attcctgcgc 
cggcgttgcc 
agag 



gccgcactcg 
ggcgaggcgg 
ctgggcgtcg 
ggcaagacca 
gcgttcatcg 
gtgccggatc 
gcgctggtgc 
ccgaaggccg 
atgtcgcagg 
ttcatcaacc 
ggcggcaacg 
atcaagaaga 
gtgtcgccgc 
cagggcgaga 
tacagctaca 
gagaatccgg 
gccatgccgg 



cgcagatcga 
ccgaggacat 
gcggcctgcc 
cgctcacgct 
acgccgagca 
tgctgatctc 
gctcgggctc 
aaatcgaagg 
cgctgcgcaa 
agatccgcat 
cgctgaagtt 
acgacgaggt 
cgttccgcga 
tcatcgatct 
acggcgagaa 
aaatcgcgcg 
atggcgcggg 



gaagcagttc 
ccaggtcgtg 
gcgcggccgc 
gcaggtcatc 
cgcgctcgac 
gcagccggac 
gatcgacatg 
cgagatgggc 
gctgacgggc 
gaagatcggc 
ctattcgtcg 
gatcggcaac 
agcgatcttc 
cggcgtgcag 
gatcggtcag 
cgagatcgag 
ccacgacgaa 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1044 



<210> 6 
<211> 1044 
<212> DNA 

<213> Burkholderia multivorans 



<220> 

<223> recA gene 



<400> 6 

atgaccgccg 

ggcaaagggt 

tccacgggct 

gtggtcgaga 

gccgagctgc 

gtccagtacg 

acgggcgagc 

atcgtcatcg 

gattcgctgc 

acgatcaagc 

gtgatgttcg 

gtgcgtctcg 

gaaacgcgcg 

gacatcctgt 

gcgaagatcg 

ggcaaggaca 

aaccgcattc 

gccgaggcga 

<210> 7 
<211> 1044 



agaagagcaa 
cgatcatgcg 
cgctcgggct 
tctacgggcc 
agaagctggg 
cggcgaagct 
aggcgctcga 
actcggtcgc 
cgggcctgca 
gcacgaactg 
gcaacccgga 
acattcgccg 
tgaaggtcgt 
acggcgaggg 
tcgacaaggc 
acgcgcgtga 
gtgaatcgct 
tggacgaaga 



ggcgctggct 
catgggcgac 
cgacatcgca 
ggaatcgtcc 
cggcaccgca 
cggcgtcaac 
aatcaccgac 
ggcgctcgtg 
ggcgcgcctg 
cctcgtgatc 
aaccacgacg 
gatcggctcg 
caagaacaag 
catttcgcgt 
gggcgcctgg 
attcctgcgc 
cggcgttgcc 
agag 



gccgcactcg 
ggcgaggcgg 
ctgggcgtcg 
ggcaagacca 
gcgttcatcg 
gtgccggatc 
gctctggtgc 
ccgaaggccg 
atgtcgcagg 
ttcatcaacc 
ggcggcaacg 
atcaagaaga 
gtgtcgccgc 
cagggcgaga 
tacagctaca 
gagaatccgg 
gccatgccgg 



cgcagatcga 
ccgaggacat 
gcggcctgcc 
cgctcacgct 
acgccgagca 
tgctgatctc 
gctcgggctc 
aaatcgaagg 
cgctgcgcaa 
agatccgcat 
cgctgaagtt 
acgacgaggt 
cgttccgcga 
tcatcgatct 
acggcgagaa 
aaatcgcgcg 
atggcgcggg 



gaagcagttc 
ccaggtcgtg 
gcgcggccgc 
gcaggtcatc 
cgcgctcgac 
gcagccggac 
gatcgacatg 
cgagatgggc 
gctgacgggc 
gaagatcggc 
ctattcgtcg 
gatcggcaac 
agcgatcttc 
cggcgtgcag 
gatcggccag 
cgagatcgag 
ccacgacgaa 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1044 
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<212> DNA 

<213> Burkholderia multivorans 



<220> 

<223> recA gene 



<400> 7 

atgaccgccg agaagagcaa ggcgctggct 
ggcaaaggtt cgatcatgcg catgggcgac 
tccacgggct cgctcgggct cgacatcgca 
gtggtcgaga tctacgggcc ggaatcgtcc 
gccgagctgc agaagctggg cggtaccgca 
gtccagtacg cggcgaagct cggcgtcaac 
accggcgagc aggcgctcga aatcaccgac 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggcctgca ggcgcgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccacgacg 
gtgcgtctcg acatccgccg gatcggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctgt acggcgaggg catttcgcgt 
gcgaagatcg tcgacaaggc gggcgcctgg 
ggcaaggaca acgcgcgtga attcctgcgc 
aaccgcattc gtgaatcgct cggcgttgcc 
gccgaggcga tggacgaaga agag 

<210> 8 

<211> 1041 

<212> DNA 

<213> Burkholderia vietnamiensis 



gccgcactcg cgcagatcga gaagcagttc 60 
ggcgaggcgg ccgaggacat ccaggtcgtg 120 
ctgggcgtcg gcggcctgcc gcgcggccgc 18 0 
ggcaagacca cgctcacgct gcaggtcatc 24 0 
gcgttcatcg acgccgagca cgcgctcgac 3 00 
gtgccggatc tgctgatctc tcagccggac 3 60 
gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaggccg aaatcgaagg cgagatgggc 4 80 
atgtcgcagg cgctgcgcaa gctgacgggc 540 
ttcatcaacc agatccgcat gaagatcggc 600 
ggcggcaacg cgctgaagtt ctattcgtcg 660 
atcaagaaga acgacgaagt gatcggcaac 720 
gtgtcgccgc cgttccgcga agcgatcttc 780 
cagggcgaga tcatcgatct cggcgtgcag 84 0 
tacagctaca acggcgagaa gatcggtcag 900 
gagaatccgg aaatcgcgcg cgagatcgag 960 
gccatgccgg atggcgcggg ccacgacgaa 1020 

1044 



<220> 

<223> recA gene 



<400> 8 

atgaccgccg agaagagcaa ggcgctggcg 
ggcaaagggt cgatcatgcg gatgggcgac 
tccacgggct cgctgggcct cgatatcgcg 
gtggtcgaaa tctacggtcc ggaatcgtcc 
gccgagctgc agaagctggg cggcacggca 
gtccagtacg cggcgaagct cggcgtgaac 
accggcgaac aggcgctcga aatcaccgac 
atcgtcatcg actcggtcgc ggcactggtg 
gattcgctgc cgggtctgca ggcgcgtctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccacgacg 
gtgcgtctgg acatccgccg gatcggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctct acggcgaagg catttcgcgt 
gcgaaaatcg tcgacaaggc cggcgcctgg 
ggcaaggaca acgcgcgtga attcctgcgc 
aaccgcattc gcgagtcgct cggtgtcgtc 
gaggcgatgg acgaagaaga g 



gccgcactcg cgcagatcga gaagcagttc 60 

ggcgacgtga aggaagacat ccaggtcgtc 12 0 

ctcggcgtcg gcggcctgcc gcgcggccgg 18 0 

ggcaagacca cgctcacgct gcaggtgatc 24 0 

gccttcatcg acgccgagca cgcgctcgac 300 

gtgccggagc tgctgatctc gcagccggac 3 60 

gcgctcgtgc gctcgggctc gatcgacatg 420 

ccgaaggccg aaatcgaagg cgagatgggc 4 80 

atgtcgcagg cgctgcgcaa gctgacgggc 54 0 

ttcatcaacc agatccggat gaagatcggc 600 

ggcggcaatg cactgaagtt ctattcgtcg 660 

atcaagaaga acgacgaggt gatcggcaac 720 

gtatcgccgc cgttccgcga agcgatcttc 780 

cagggcgaga tcatcgatct cggcgtgcag 840 

tacagctaca acggcgagaa gatcggtcag 900 
gagaatcccg aaatcgcgcg cgagatcgag 960 

gcgatgccgg atggcgtggt cgacgaagcc 102 0 

1041 
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<210> 9 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 



<220> 

<223> recA gene 



<400> 9 

atgaccgccg agaagagcaa ggcgcttgcg 
ggcaaagggt cgatcatgcg catgggcgac 
tccacgggct cgctgggtct cgacatcgca 
gtggtcgaaa tctacggtcc ggaatcgtcc 
gccgaactgc agaagatcgg cggcacggct 
gttcagtacg cgtcgaagct cggcgtgaac 
accggcgagc aggcgcttga aatcaccgac 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggcctgca ggcgcgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccacgacg 
gtgcgccttg atatccgccg gatcggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctgt atggcgaggg catttcgcgc 
gcgaagatcg tcgacaaggc gggcgcctgg 
ggcaaggaca acgcgcgtga attcctgcgc 
aaccgcattc gcgaatcgct cggtgtcgtt 
gaggcgatgg acgaagaaga g 

<210> 10 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 



gccgcactcg cgcagatcga gaagcagttc 6 0 
ggcgaggcgg cggaggatat ccaggtcgtc 120 
ctgggcgtcg gcggcctgcc gcgcggccgg 180 
ggtaaaacca cgctcacgct gcaggtcatc 240 
gcgttcatcg acgccgaaca cgcgctcgac 300 
gtgccggaac tgctgatctc gcagccggac 3 60 
gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaggccg aaatcgaagg cgagatgggc 4 80 
atgtcgcagg cgctgcgcaa gctgaccggc 54 0 
ttcatcaacc agatccggat gaagatcggc 600 
ggcggcaacg cgctgaagtt ctatgcgtcg 660 
atcaagaaga acgacgaggt gatcggcaac 720 
gtatcgccgc cgttccgcga agcgatcttc 780 
cagggcgaga tcatcgatct cggcgtgcag 84 0 
tacagctaca acggcgagaa gatcggccag 900 
gagaatccgg aaatcgcacg cgagatcgag 960 
qccatgcccg atggcgtagt caacgaagcc 1020 

1041 



<220> 

<223> recA gene 



<400> 10 

atgaccgccg agaagagcaa ggcgcttgcg 
ggcaaagggt cgatcatgcg catgggcgac 
tccacgggct cgctgggtct cgacatcgca 
gtggtcgaaa tctacggtcc ggaatcgtcc 
gccgaactgc agaagatcgg cggcacggct 
gttcagtacg cgtcgaagct cggcgtgaac 
accggcgagc aggcgcttga aatcaccgac 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggcctgca ggcgcgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccacgacg 
gtgcgccttg atatccgccg gatcggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctgt atggcgaggg catttcgcgc 
gcgaagatcg tcgacaaggc gggcgcctgg 



gccgcactcg cgcagatcga gaagcagttc 6 0 
ggcgaggcgg cggaggatat ccaggtcgtc 120 
ctgggcgtcg gcggcctgcc gcgcggccgg 180 
ggtaaaacca cgctcacgct gcaggtcatc 24 0 
gcgttcatcg acgccgaaca cgcgctcgac 3 00 
gtgccggaac tgctgatctc gcagccggac 3 60 
gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaggccg aaatcgaagg cgagatgggc 4 80 
atgtcgcagg cgctgcgcaa gctgaccggc 54 0 
ttcatcaacc agatccggat gaagatcggc 600 
ggcggcaacg cgctgaagtt ctatgcgtcg 660 
atcaagaara acgacgaggt gatcggcaac 720 
gtatcgccgc cgttccgcga agcgatcttc 780 
cagggcgaga tcatcgatct cggcgtgcag 84 0 
tacagctaca acggcgagaa gatcggccag 900 
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ggcaaggaca acgcgcgtga attcctgcgc 
aaccgcattc gcgaatcgct cggtgtcgtt 
gaggcgatgg acgaagaaga g 

<210> 11 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 



gagaatccgg aaatcgcacg cgagatcgag 960 
gccatgcccg atggcgtagt caacgaagcc 1020 

1041 



<220> 

<223> recA gene 



<400> 11 

atgaccgccg agaagagcaa ggcgctggcg 
ggcaagggct cgatcatgcg catgggcgac 
tccacggggt cgctgggtct cgacatcgcg 
gtggtcgaga tctacggtcc ggaatcgtcc 
gctgaactgc agaagatcgg cggcacggca 
gtccagtacg cgtcgaagct cggcgtgaac 
accggcgagc aggcgctcga aatcaccgat 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggcctgca ggctcgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccaccacg 
gtgcgtctcg acattcgccg gatcggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctgt acggcgaagg catttcgcgt 
gcgaagatcg tcgacaaggc cggcgcctgg 
ggcaaggaca atgcgcgtga attcctgcgc 
aaccgcatcc gcgaatcgct cggtgtcgtc 
gaggcgatgg acgaagaaga g 

<210> 12 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 



gccgcactcg cacagatcga gaagcagttc 60 
ggcgaggcgg ccgagaatat ccaggtcgtc 12 0 
ctgggcgtcg gcggtttgcc gcgcggccgg 180 
ggtaaaacca ccctcacgct gcaagtcatc 24 0 
gccttcatcg acgccgagca tgcactcgac 300 
gtgccggaac tgctgatctc gcagccggac 360 
gcgctggtgc gctcgggctc gatcgacatg 4 20 
ccgaaggccg aaatcgaagg cgagatgggt 48 0 
atgtcgcagg cgctgcgcaa gctgaccggc 54 0 
ttcatcaacc agatccggat gaagatcggc 600 
ggcggcaacg cgctgaagtt ctattcgtcg 660 
atcaagaaga acgacgaggt gatcggcaac 720 
gtgtcgccgc cgttccgcga agcgatcttc 78 0 
cagggcgaga tcatcgatct cggcgtgcag 84 0 
tacagctaca acggcgagaa gatcggccag 900 
gagaatccgg aaatcgcacg cgagatcgag 960 
agcatgcccg atggcgtagc caacgaagcc 1020 

1041 



<220> 

<223> recA gene 



<400> 12 

atgaccgccg agaagagcaa ggcgctggcg 
ggcaagggct cgatcatgcg catgggcgac 
tccacggggt cgctgggtct cgacatcgcg 
gtggtcgaga tctacggtcc ggaatcgtcc 
gctgaactgc agaagatcgg cggcacggca 
gtccagtacg cgtcgaagct cggcgtgaac 
accggcgagc aggcgctcga aatcaccgat 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggtctgca ggctcgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccaccacg 
gtgcgtctcg acattcgccg gatcggctcg 



gccgcactcg cacagatcga gaagcagttc 60 
ggcgaggcgg ccgagaatat ccaggtcgtc 120 
ctgggcgtcg gcggcctgcc gcgcggccgg 18 0 
ggtaaaacca ccctcacgct gcaagtcatc 24 0 
gccttcatcg acgccgagca cgcgctcgac 3 00 
gtgccggaac tgctgatctc gcagccggac 3 60 
gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaggccg aaatcgaagg cgagatgggc 4 80 
atgtcgcagg cgctgcgcaa gctgaccggc 54 0 
ttcatcaacc agatccggat gaagatcggc 600 
ggcggcaacg cgctgaagtt ctattcgtcg 660 
atcaagaaga acgatgaggt gatcggcaac 720 
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gaaacccgcg tgaaggtcgt caagaacaag gtgtcgccgc cgttccgcga agcgatcttc 780 
gacatcctgt acggcgaagg catttcgcgt cagggcgaga tcatcgatct cggcgtgcag 84 0 
gcgaagatcg tcgacaaggc gggcgcctgg tacagctaca acggcgagaa gatcggccag 900 
ggcaaggaca atgcgcgtga attcctgcgt gagaatccgg aaatcgcacg cgagatcgaa 960 
aaccgcatcc gcgaatcgct cggtgtcgtc agcatgcccg atggcgtagc caacgaagcc 102 

1 04. 

gaggcgatgg acgaagaaga g xu * 

<210> 13 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 
<400> 13 

atgaccgccg agaagagcaa 
ggcaagggct cgatcatgcg 
tccacggggt cgctgggtct 
gtggtcgaga tctacggtcc 
gctgaactgc agaagatcgg 
gtccagtacg cgtcgaagct 
accggtgagc aggcgctcga 
atcgtcatcg actcggtcgc 
gattcgctgc cgggtctgca 
acgatcaagc gcacgaactg 
gtgatgttcg gcaacccgga 
gtgcgtctcg acattcgccg 
gaaacccgcg tgaaggtcgt 
gacatcctgt acggcgaagg 
gcgaagatcg tcgacaaggc 
ggcaaggaca atgcgcgtga 
aaccgcatcc gcgaatcgct 
gaggcgatgg acgaagaaga 

<210> 14 
<211> 1041 
<212> DNA 
<213> Burkholderia cepacia 

<220> 

<223> recA gene 
<400> 14 

atgaccgccg agaagagcaa ggcgctggcc gccgcgcttg cccagatcga gaagcagttc 60 
ggcaagggct cgatcatgcg catgggcgac ggcgaggcgg cggaagatat ccaggtcgtc 120 
tccacgggtt cgctgggcct cgatatcgcg cttggcgtcg gcggcctgcc gcgcggccgg 180 
gtggtcgaga tctacggccc ggaatcgtcc ggtaaaacca cgctcacgct gcaggtcatt 24 0 
gccgagctgc agaagctggg cggcaccgca gcgttcatcg acgccgagca cgcgctcgac 3 00 
gtccagtacg cgtcgaagct cggcgtgaat gtgccggagc tgctgatttc gcaaccggac 360 
accggcgagc aggcgctgga aatcaccgat gcgctggtgc gctcgggctc gatcgacatg 420 
atcgtcatcg actcggtcgc ggcgctcgtg ccgaaggccg aaatcgaagg cgagatgggc 480 
gattcgctgc cgggcctgca ggcccgcctg atgtcgcagg cgctgcgcaa gctgaccggc 540 



ggcgctggcg gccgcactcg 
catgggcgac ggcgaggcga 
cgacatcgcg ctgggcgttg 
ggaatcgtcc ggtaagacca 
cggcacggca gccttcatcg 
cggcgtgaac gtgccggaac 
aatcaccgat gcgctggtgc 
ggcgctcgtg ccgaaggccg 
ggcccgcctg atgtcgcagg 
cctggtgatc ttcatcaacc 
aaccaccacg ggcggcaacg 
gatcggctcg atcaagaaga 
caagaacaag gtgtcgccgc 
tatttcgcgt cagggcgaga 
cggcgcctgg tacagctaca 
attcctgcgc gagaatccgg 
cggtgtcgtc agcatgcccg 



cgcagatcga gaagcagttc 60 
ccgagaatat ccaggtcgtc 120 
gcggcctgcc gcgcggccgg 18 0 
ccctcacgct gcaagtcatc 240 
acgccgagca cgcgctcgac 3 00 
tgctgatctc gcagccggac 3 60 
gctcgggctc gatcgacatg 420 
aaatcgaagg cgagatgggc 480 
cgctgcgcaa gctgaccggc 54 0 
agatccggat gaagatcggc 600 
cgctgaagtt ctattcgtcg 660 
acgacgaggt gatcggcaac 720 
cgttccgcga agcgatcttc 780 
tcatcgatct cggcgtgcag 84 0 
acggcgagaa gatcggccag 900 
aaatcgcacg cgagatcgaa 960 
atggcgtagc caacgaagcc 1020 

1041 
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acgatcaagc gcacgaactg cctggtgatc ttcatcaacc agattcgtat gaagatcggc 600 
gtgatgttcg gcaacccgga aaccacgacg ggcggtaacg cgctgaagtt ctatgcgtcg 660 
gtgcgtctcg atatccgccg gatcggctcg atcaagaaga acgacgaggt gatcggcaac 720 
gaaacccgtg tgaaggtcgt caagaacaag gtgtcgccgc cgttccgcga agcgatcttc 78 0 
gacatcctgt atggcgaggg catttcgcgt cagggcgaga tcatcgatct cggcgtgcag 84 0 
gcgaagatcg tcgacaaggc aggcgcctgg tacagctaca acggcgagaa gattggccag 900 
ggcaaggaca acgcgcgtga attcctgcgc gagaatccgg aaatcgcgcg cgagatcgag 960 
aaccgcatcc gcgaatcgct cggcgtcgtc gcaatgcccg atggtgcagg caacgaagcc 1020 
gaggcgatgg acgaagaaga g 1041 

<210> 15 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 
<400> 15 

atgaccgccg agaagagcaa 
ggcaagggct cgatcatgcg 
tccacgggtt cgctgggcct 
gtggtcgaga tctacggccc 
gccgagctgc agaagctggg 
gtccagtacg cgtcgaagct 
accggcgagc aggcgctgga 
atcgtcatcg actcggtcgc 
gattcgctgc cgggcctgca 
acgatcaagc gcacgaactg 
gtgatgttcg gcaacccgga 
gtgcgcctcg atatccgccg 
gaaacccgcg tgaaggtcgt 
gacatcctgt atggcgaggg 
gcgaagatcg tcgacaaggc 
ggcaaggaca acgcgcgtga 
aaccgcatcc gcgaatcgct 
gaggcgatgg acgaagaaga 

<210> 16 

<211> 1041 

<212> DNA 

<213> Burkholderia cepacia 

<220> 

<223> recA gene 
<400> 16 

atgaccgccg agaagagcaa ggcgctggcg gccgcgctcg cgcagatcga aaagcagttc 6 0 
ggcaagggct cgatcatgcg gatgggcgac ggcgaagcgg ccgaggatat ccaggtcgtc 120 
tccacggggt cgctgggtct cgacatcgcg ctgggcgtcg gcggcttgcc gcgcggccgg 180 
gtggtcgaga tctacggtcc ggaatcgtcc ggtaagacca cgctcacgct gcaggtcatc 24 0 
gccgagctgc agaagctggg cggcaccgcg gcgttcatcg acgccgagca cgcgctcgac 3 00 
gttcaatatg ccgcgaagct cggcgtgaac gtgccggagc tgctgatctc gcagccggac 360 



ggcgctggcc gccgcgcttg 
catgggcgac ggcgaggcgg 
cgatatcgcg cttggcgtcg 
ggaatcgtcc ggtaaaacca 
cggcaccgca gcgttcatcg 
cggcgtgaat gtgccggagc 
aatcaccgat gcgctggtgc 
ggcgctcgtg ccgaaggccg 
ggcccgcctg atgtcgcagg 
cctggtgatc ttcatcaacc 
aaccacgacg ggcggtaacg 
gatcggctcg atcaagaaga 
caagaacaag gtgtcgccgc 
catttcgcgt cagggcgaga 
aggcgcctgg tacagctaca 
attcctgcgc gagaatccgg 
cggcgtcgtc gcaatgcccg 

9 



cccagatcga gaagcagttc 60 
cggaagatat ccaggtcgtc 120 
gcggcctgcc gcgcggccgg 18 0 
cgctcacgct gcaggtcatc 24 0 
acgccgagca cgcgctcgac 3 00 
tgctgatttc gcagccggac 3 60 
gctcgggctc gatcgacatg 420 
aaatcgaagg cgagatgggc 48 0 
cgctgcgcaa gctgaccggc 54 0 
agattcgtat gaagatcggc 600 
cgctgaagtt ctatgcgtcg 660 
acgacgaggt gatcggcaac 720 
cgttccgcga agcgatcttc 780 
tcatcgatct cggcgtgcag 840 
acggcgagaa gattggccag 900 
aaatcgcgcg cgagatcgag 9 60 
atggtgcagg caacgaagcc 1020 

1041 
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accggcgagc aggccctcga aatcaccgat 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggtctgca ggcccgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga "aaccacgacg 
gtgcgtctcg atatccgccg gattggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctgt acggcgaagg catttcgcgt 
gcgaagatcg tcgacaaggc gggcgcctgg 
ggcaaggaca acgcgcgcga attcctgcgc 
aaccgcatcc gcgaatcgct cggcgtcgtc 
gaggcgatgg acgaagaaga g 



gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaggccg aaatcgaagg cgagatgggc 4 80 
atgtcgcagg cgctgcgcaa gctgaccggt 540 
ttcatcaacc agatccggat gaagatcggc 600 
ggcggtaacg cactgaagtt ctactcgtcg 660 
atcaagaaga gcgacgaggt gatcggcaac 720 
gtgtcgccgc cgttccgcga agcgatcttc 78 0 
cagggcgaga tcatcgatct cggcgtgcag 840 
tacagctaca acggcgagaa gatcggccag 900 
gaaaatccgg aaatcgcgcg cgagatcgag 960 
gcaatgcccg atggcgcagg caacgaagcc 1020 

1041 



<210> 17 
<211> 1041 
<212> DNA 

<213> BurJcholderia cepacia 



<220> 

<223> recA gene 



<400> 17 

atgaccgccg agaagagcaa ggcgctggcg 
ggcaagggct cgatcatgcg gatgggcgac 
tccacggggt cgctgggtct cgacatcgcg 
gtggtcgaga tctacggtcc ggaatcgtcc 
gccgagctgc agaagctggg cggcaccgcg 
gttcaatatg ccgcgaagct cggcgtgaac 
accggcgagc aggccctcga aatcaccgat 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggtctgca ggcccgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccacgacg 
gtgcgtctcg atatccgccg gatcggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctgt acggcgaagg catttcgcgt 
gcgaagatcg tcgacaaggc gggcgcctgg 
ggcaaggaca acgcgcgcga attcctgcgc 
aaccgcatcc gcgaatcgct cggcgtcgtc 
gaggcgatgg acgaagaaga g 

<210> 18 
<211> 1041 
<212> DNA 

<213> BurJcholderia cepacia 



gccgcgctcg cgcagatcga aaagcagttc 60 
ggcgaagcgg ccgaggatat ccaggtcgtc 120 
ctgggcgtcg gcggcttgcc gcgcggccgg 180 
ggtaagacca cgctcacgct gcaggtcatc 240 
gcgttcatcg acgccgagca cgcgctcgac 3 00 
gtgccggagc tgctgatctc gcagccggac 360 
gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaggccg aaatcgaagg cgagatgggc 480 
atgtcgcagg cgctgcgcaa gctgaccggt 540 
ttcatcaacc agatccggat gaagatcggc 600 
ggcggtaacg cactgaagtt ctactcgtcg 660 
atcaagaaga acgacgaggt gatcggcaac 720 
gtgtcgccgc cgttccgcga agcgatcttc 78 0 
cagggcgaga tcatcgatct cggcgtgcag 840 
tacagctaca acggcgagaa gatcggccag 900 
gaaaatccgg aaatcgcgcg cgagatcgag 960 
gcaatgcccg atggcgcagg caacgaagcc 1020 

1041 



<220> 

<223> recA gene 



<400> 18 

atgaccgccg agaagagcaa agcgctggcg 
ggcaagggct cgatcatgcg gatgggcgac 
tccacggggt cgctgggtct cgacatcgcg 



gccgcgctcg cgcagatcga aaagcagttc 60 
ggcgaagcgg ccgaggatat ccaggtcgtc 120 
ctgggcgtcg gcggcttgcc gcgcggccgg 18 0 
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gtggtcgaga tctacggtcc ggaatcgtcc 
gccgagctgc agaagctggg cggcaccgcg 
gttcaatatg ccgcgaagct cggcgtgaac 
accggcgagc aggccctcga aatcaccgat 
atcgtcatcg actcggtcgc ggcgctcgtg 
gattcgctgc cgggtctgca ggcccgcctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccacgacg 
gtgcgtctcg atatccgccg gatcggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctgt acggcgaagg catttcgcgt 
gcgaagatcg tcgacaaggc gggcgcctgg 
ggcaaggaca acgcgcgtga attcctgcgc 
aaccgcatcc gcgaatcgct cggcgtcgtc 
gaggcgatgg acgaagaaga g 

<210> 19 

<211> 1041 

<212> DNA 

<213> Burkholderia cepacia 



ggtaagacca cgctcacgct gcaggtcatc 24 0 
gcgttcatcg acgccgagca cgcgctcgac 300 
gtgccggagc tgctgatctc gcagccggac 360 
gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaggccg aaatcgaagg cgagatgggc 4 80 
atgtcgcagg cgctgcgcaa gctgaccggt 54 0 
ttcatcaacc agatccggat gaagatcggc 600 
ggcggtagcg cactgaagtt ctactcgtcg 660 
atcaagaaga acgacgaggt gatcggcaac 720 
gtgtcgccgc cgttccgcga agcgatcttc 780 
cagggcgaga tcatcgatct cggcgtgcag 840 
tacagctaca acggcgagaa gatcggccag 900 
gaaaatccgg aaatcgcgcg cgagatcgag 960 
gcaatgcccg atggcgcagg caacgaagcc 1020 

1041 



<220> 

<223> recA gene 



<400> 19 

atgaccgccg agaagagcaa ggcgctggcg 
ggcaagggct cgatcatgcg gatgggcgac 
tccacggggt cgctgggtct cgacatcgcg 
gtggtcgaga tctacggtcc ggaatcgtcc 
gccgagctgc agaagctggg cggcaccgcg 
gttcaatatg ccgcgaagct cggcgtgaac 
accggcgaac atgccctcga aatcaccgat 
atcgtcatcg actcggtcgc ggcgctcgtg 
cgattcgctg ccgggtctgc aggccccctg 
acgatcaagc gcacgaactg cctcgtgatc 
gtgatgttcg gcaacccgga aaccacgacg 
gtgcgtctcg atatccgccg gattggctcg 
gaaacccgcg tgaaggtcgt caagaacaag 
gacatcctgt acggcgaagg catttcgcgt 
gcgaagatcg tcgacaaggc gggcgcctgg 
ggcaaggaca acgcgcgcga attcctgcgc 
aaccgcatcc gcgaatcgct cggcgtcgtc 
gaggcgatgg acgaagaaga g 

<210> 20 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 



gccgcgctcg cgcagatcga aaagcagttc 60 
ggcgaagcgg ccgaggatat ccaggtcgtc 120 
ctgggcgtcg gcggcttgcc gcgcggccgg 18 0 
ggtaagacca cgctcacgct gcaggtcatc 24 0 
gcgttcatcg acgccgagca cgcgctcgac 3 00 
gtgccggagc tgctgatctc gcagccggac 3 60 
gcgctggtgc gctcgggctc gatcgacatg 420 
ccgaaaggcc gaaatcgaat gcgaaatggg 4 80 
atgtcgcagg cgctgcgcaa gctgaccggt 540 
ttcatcaacc agatccggat gaagatcggc 6 00 
ggcggtaacg cactgaagtt ctactcgtcg 660 
atcaagaaga gcgacgaggt gatcggcaac 720 
gtgtcgccgc cgttccgcga agcgatcttc 7 80 
cagggcgaga tcatcgatct cggcgtgcag 84 0 
tacagctaca acggcgagaa gatcggccag 900 
gaaaatccgg aaatcgcgcg cgagatcgag 960 
ccaatgcccg atggcgcagg caacgaagcc 1020 

1041 



<220> 

<223> recA forward primer (BCRU1*) 



<400> 20 
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18 



tgcggatggg cgacggcg 

<210> 21 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA reverse primer (BCRU2* ) 
<400> 21 

cagttctgtc gcttgatcg 

<210> 22 

<211> 19 

<212> DNA 

<213> Burkholderia multivorans 
<220> 

<223> B. multivorans specific recA forward primer 
(BCRBM1) 

<400> 22 

cggcgtcaac gtgccggat 

<210> 23 
<211> 19 
<212> DNA 

<213> Burkholderia multivorans 
<220> 

<223> B. multivorans specific reA reverse primer 
(BCRBM2) 

<400> 23 

tccatcgcct cggcttcgt 

<210> 24 
<211> 18 
<212> DNA 

<213> Burkholderia vietnamiensis 
<220> 

<223> B. vietnamiensis specific recA forward primer 
(BCRBV1) 

<400> 24 

gggcgacggc gacgtgaa 

<210> 25 

<211> 18 

<212> DNA 

<213> Burkholderia vietnamiensis 
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<220> 

<223> B. vietnamiensis specific recA reverse primer 
(BCRBV2) 

<400> 25 

tcggccttcg gcaccagt 

<210> 26 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar IV specific recA forward 
primer (BCRG41) 

<400> 26 

accggcgagc aggcgctt 

<210> 27 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar IV specific recA reverse 
primer (BCRG42) 

<400> 27 

acgccatcgg gcatggca 

<210> 28 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar III, RG-B recA specific 
forward primer 

<400> 28 

gcaagtcatc gctgagaa 

<210> 29 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar III, RG-B recA specific 
reverse primer 
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<400> 29 18 

tacgccatcg ggcatgct 

<210> 30 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 

<223> B. cepacia Genomovar I specific recA forward 
primer (BCRG11) 

<400> 30 18 
caggtcgtct ccacgggt 

<210> 31 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 

<223> B. cepacia Genomovar I specific recA reverse 
primer (BCRG12) 

<400> 31 19 
cacgccgatc ttcatacga 

<210> 32 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 

<220> . _ . 

<223> B. cepacia Genomovar III, RG-A specific recA 
forward primer (BCRG31) 

<400> 32 19 
gctcgacgtt caatatgcc 

<210> 33 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 

<223> B. cepacia Genomovar III, RG-A specific recA 
reverse primer (BCRG32) 

<400> 33 18 
tcgagacgca ccgacgag 

<210> 34 
<211> 18 
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<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA reverse primer (BCR4) 
<400> 34 

gcgcagcgcc tgcgacat 18 

<210> 35 
<211> 18 
<212> DMA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA forward primer (BCR3) 
<400> 35 

gtcgcaggcg ctgcgcaa 18 

<210> 36 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA forward primer (BCRU1) 
<400> 36 

atcatgcgga tgggcgacg 19 

<210> 37 
c211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA reverse primer (BCRU2) 



<210> 38 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar III, RG-B recA specific 
forward primer 

<400> 38 

gctgcaagtc atcgctgaa 19 



<400> 37 

cagttctgtc gcttgatcg 



19 
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<210> 39 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia RG-C specific recA forward primer 
<400> 39 

gtcgggtaaa accacgtg 

<210> 40 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia RG-C specific recA reverse primer 
<400> 40 

tccgcagccg caccttca 
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